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ABSTRACT. The authors’ aimwas to evaluate the effect of balance
training on cervical joint position sense in people with subclinical
neck pain. Thirty-four participants were randomly assigned to bal-
ance training or to stay active. Sensorimotor function was deter-
mined before and after 5 weeks of training by assessing the ability
to reproduce the neutral head position and a predeﬁned rotated head
position. After balance training, the intervention group showed im-
proved joint repositioning accuracy and decreased pain whereas no
effects were observed in the control group. A weak correlation was
identiﬁed between reduced neck pain intensity and improved joint
repositioning. The present data demonstrate that balance training
can effectively improve cervical sensorimotor function and decrease
neck pain intensity.
Keywords: balance exercise, cervical spine, postural control, pro-
prioception
I t is well established that the control of upright posture andthe control of head and eye movements rely on afferent in-
formation arising from different sensory sources such as the
vestibular, visual, and proprioceptive system (Horak, 2006).
In people with neck pain, coordination of head movements,
intersegmental coordination of the vertebrae of the cervical
spine, and postural balance were shown to be impaired
(Childs et al., 2008). The sensorimotor dysfunction resulted
for instance in an enhanced postural sway when measured
during unperturbed upright stance (Field, Treleaven, & Jull,
2008; Stapley, Beretta, Dalla Toffola, & Schieppati, 2006).
Further, a reduced ability to reposition the head in a certain
predeﬁned position (Armstrong, McNair, & Taylor, 2008;
Revel, Andre-Deshays, & Minguet, 1991; Treleaven, Jull, &
Lowchoy, 2005) and an impaired oculomotor control (Tjell
& Rosenhall, 1998) were demonstrated in patients with neck
pain. These observations indicate that the proprioceptive
information of the neck muscles is crucial to ensure an
appropriate control of posture and gaze. In line with
this assumption, neck coordination exercises have been
shown to improve performance in sensorimotor tasks,
alleviate neck pain, and reduce postural sway (Roijezon,
Bjorklund, Gergenheim, & Djupsjobacka, 2008; Jull, Falla,
Treleaven, Hodges, & Vicenzino, 2007; Revel, Minguet,
Gregoy, Vaillant, & Manuel, 1994; Taimela, Takala, Asklof,
Seppala, & Parviainen, 2000). Thus, sensorimotor function
of the cervical spine seems to greatly inﬂuence posture in
general. However, it is not known so far whether this is
also true the other way round (i.e., whether balance abilities
inﬂuence the sensorimotor function of the cervical spine).
This is of particular interest as all previous interventions
with the aim to improve sensorimotor function of the
cervical spine involved consciously performed relocation
tasks of the head (Jull et al., 2007; Revel et al., 1994;
Roijezon, Bjorklund, Gergenheim, & Djupsjobacka, 2008;
Taimela et al., 2000). In contrast, neck muscles during
balance exercises are unconsciously activated while the pri-
mary intention is to maintain body equilibrium. Therefore,
in the present study we aimed to clarify the inﬂuence of
ﬁve weeks of balance training on the sensorimotor function
of the cervical spine. Based on the strong interrelation of
neck muscles and posture, it was hypothesized that im-
proved balance performance would reduce the errors when
repositioning the head. Furthermore, it was hypothesized
that improvements in sensorimotor function would be
accompanied by a reduction of the neck pain intensity.
Methods
Study Participants
Participants were 34 individuals (M age = 23 ± 3 years)
with a history of subclinical neck pain (M duration = 27 ±
14 months). Participants with subclinical neck pain present
average pain intensities, but do not display limitations on
activity and participation (Lee, Wang, Yao, & Wang, 2008).
Therefore, they are often considered in no need for medi-
cal help or advice. Participants were included in the present
study, if they had an impaired joint position sense. Joint po-
sition sense was considered to be impaired, if the deviation
of the head was greater than 3◦ in at least 2 of 8 reposition-
ing tasks (Revel et al., 1991). Participants were excluded,
if they had any neurological disorders, lower limb injuries,
problems with vision and hearing, vestibular pathology, neu-
rological deﬁcits, or diabetes type II (Field et al., 2008; Jull
et al., 2007; Treleaven, Jull, & LowChoy, 2006). Participants
provided written informed consent before participating in
the experiment. The study was approved by the ethic com-
mittee of the University of Freiburg and was conducted in
accordance with the declaration of Helsinki.
Joint Position Sense
Joint position sense (JPS) was tested with a target
matching task, which was ﬁrst described by Revel et al.
(1991). A cervical goniometry (CMS, Hamburg, Germany)
with a laser pointer (NOBO; ACCO, Schorndorf, Germany)
was placed on the head of the participants (Figure 1).
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FIGURE 1. Experimental apparatus for measurement of
the NHP (neutral head position) and RHP (rotated head po-
sition). The participant is seated 90 cm in front of the target,
vision occluded. The laser pointer is ﬁxed on an a cervical
goniometer.
Participants were seated in an unsupported straight position
on a chair with a distance of 90 cm to the target (Revel et al.,
1991). The target was an adjustable board of 1.5 × 1 m,
which was placed so that the center of the board was at eye
level for each individual participant.
The position when participants looked straight ahead was
deﬁned as the neutral head position (NHP). For testing the
cervical joint position sense, participants were instructed to
move their head with open eyes from the NHP into four
predeﬁned positions before relocating the head into the NHP
with closed eyes. The deﬁned positions were (a) rotation to
the right, (b) rotation to the left, (c) extension, and (d) ﬂexion.
The second test to assess joint position sense of the cervi-
cal spine resembled the ﬁrst test but participants started from
a prerotated head position and had to come back to this posi-
tion. The pre-rotated head positions (RHP) were (a) rotation
of 45◦ to the right, (b) rotation of 45◦ to the left, (c) rota-
tion of 45◦ in extension, and (d) rotation of 45◦ in ﬂexion.
From these positions participants were instructed to move
their head into the NHP with eyes open before relocating the
head with closed eyes into the initial RHP. For each task,
two repetitions were performed as warming up and the third
repetition was measured. The participants indicated verbally
when they thought that they had reached their target position.
The location of the laser point at that instant was marked and
the deviation to the actual target position was determined
in centimeters and degrees. Thus, for each target position
(NHP and RHP) four trials were recorded and averaged for
each participant.
Recently it was shown that thismeasurement technique not
only demonstrated high correlation with ultrasound-based
measurements (r = .95) but also had the same discrimina-
tive ability to differentiate healthy control form neck pain
participants (Roren et al., 2009). Test–retest reliability was
demonstrated to be good to excellent with an interclass corre-
lation ranging from 0.52 to 0.81 (Pinsault et al., 2008). After
initial testing, participants were randomly allocated into an
intervention group and a control group. While the partic-
ipants of the intervention group participated in a balance
training program, members of the control group maintained
their usual physical activity level. The researcher executing
the measurements was blinded to participant group for out-
come assessments and statistical analyses.
Neck Pain Assessment
Neck pain intensity was assessed using a numeric rating
scale (NRS), which is a reliable and valid measurement tool,
especially in small sample sizes (Jensen, Turner, Romano, &
Fisher, 1999). Participants had to indicate their level of neck
pain on a 10 cm NRS anchored with 0 (no pain) and 10 (the
worst possible pain imaginable).
Intervention
The intervention group trained over a period of ﬁve weeks,
three times perweek,with a total of 15 training sessions. Each
session lasted for 15 min and was documented, surveyed
and supervised by the authors of the study. The intervention
consisted of three balance tasks: single leg stance, tandem
stance and standing on a wobble board (Figure 2). Each
task was performed 20 s with a 10-s break in between. It
was taken care that the body position was comparable in
all trials and was similar among participants. Participants
were instructed to hold their head upright, align their arms
to their body and slightly bent their knee. Both legs were
alternately trained. When participants were able to maintain
balance for 20 s, the difﬁculty of the task was successively
increased. First, participants had to perform eye movements
in the sagittal and transverse planewithoutmoving their head.
In the next step, eyes had to be closed. Finally, the stability
of the support surface was further decreased by reducing the
base of support while participants stood with closed eyes.
The control group maintained their normal physical activity
throughout the experimental period.
Data Analysis and Statistics
To identify potential differences between groups in the
pre-measurement, one-way analyses of variance (ANOVAs)
were conducted for each parameter (head repositioning,
pain). The effect of balance training on the ability to re-
produce predeﬁned head positions was tested by a repeated
measures ANOVA procedure with the within-participant
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FIGURE 2. Three balance tasks were performed: single leg stance, tandem stance, and standing on a wobble board.
factors of time (pre- vs. posttraining measurement) and
condition (NHP vs. RHP) and the between-participant
factor of group (INT vs. CON): 2 Time × 2 Condition × 2
Group. In case of signiﬁcant F values, Bonferroni-corrected
post hoc tests were performed to identify changes for each
condition (NHP vs. RHP). Correlations between changes in
head repositioning performance and changes in neck pain
perception were assessed by means of the Pearson correla-
tion coefﬁcient. To identify differences in pain intensity in
pre- and post-measurements, Bonferroni-corrected Student
t tests were conducted.
All variables were expressed as mean values ± standard
deviation, if not indicated differently. The signiﬁcance level
was set to .05 for all tests. SPSS software version 16.0 was
used for all statistical analysis.
Results
All 34 participants who were recruited for this study com-
pleted pre- and posttest measurement. The exercise program
enhanced JPS acuity and reduced pain intensity.
Joint Position Sense
Before training, there was no statistical difference between
intervention and control group regarding the JPS (for NHP
and RHP p > .1). The acuity of repositioning the head in a
predeﬁned position (either NHP or RHP) was group speciﬁ-
cally altered after training indicated by a signiﬁcant time by
group interaction (time pre/post by group CON/INT), F(1, 33) =
5.65; p = .023. For the intervention group, post -hoc analysis
revealed signiﬁcantly decreased deviations in repositioning
for the RHP by improving accuracy from 3.04◦ ± 0.73◦ to
1.88◦ ± 0.57◦ (p = .005; Figure 3A). In the NHP task, par-
ticipants improved accuracy from 3.37◦ ± 1.6◦ to 2.43◦ ±
0.8◦ (p = .026; Figure 3B). No signiﬁcant changes over time
could be seen in the control group (always p > .1). Thus,
the acuity to reposition the head improved exclusively in
the intervention group indicating a beneﬁcial effect of bal-
ance training on this parameter.
Neck Pain
Neck pain intensity ranged from2 to 10 (M = 4.66± 2.35).
Before training, neck pain intensity on the NRS ranged from
2 to 8 (M = 3.65 ± 1.90) in the intervention group and
2 to 10 (M = 5.61 ± 2.44) in the control group and was
different between groups (p = .013). This difference was
due to the random allocation of our participants into training
and control group.
After balance training, neck pain intensity decreased sig-
niﬁcantly in the intervention group and ranged from 0.5 to 4
on the NRS (pre 3.65 ± 1.90 vs. post 1.97 ± 0.91; p = .011;
Figure 4). Neck pain persisted in the control group ranging
from 1 to 9 (pre 5.61 ± 2.44 vs. post 4.78 ± 2.71; p = .89;
Figure 3).
Correlation Between Pain Intensity and Joint Position
Sense
After balance training, there was a weak but signiﬁcant
positive correlation between reduction in neck pain and re-
duction in the repositioning error in the RHP task (r = .43,
p = .042; Figure 5). No correlation was found between
changes in neck pain intensity and changes in the reposi-
tioning error when measured in the NHP task (r = −.2,
p = .4).
Discussion
The primary aim of the present study was to investigate
the inﬂuence of balance training on cervical sensorimotor
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FIGURE 3. Mean values for improved joint position sense acuity for the RHP task (A) and the NHP task (B) of the intervention
and control group. Black bars represent preintervention values (Pre). Gray bars represent post intervention values (Post). Signiﬁcant
differences between pre- and postintervention values are marked with an asterisk (∗p < .05; ∗∗p < .01).
function. The present data indicate that balance exercises
were indeed efﬁcient to improve joint repositioning acuity.
The secondary outcome measure aimed to evaluate changes
in neck pain intensity in response to balance training. Neck
pain intensity was signiﬁcantly reduced in the training group
but remained unaltered in the control group. The results of
the present study demonstrate that improvements in joint
position sense of the cervical spine and reduction of neck pain
do not necessarily have to be associated to head relocation
exercises (Humphreys & Irgens, 2002; Jull et al., 2007) but
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FIGURE 4. Mean values for pain intensity of the interven-
tion and control group. Black bars represent preintervention
values (Pre) whereas gray bars represent postintervention
values (Post). Signiﬁcant differences between pre and post
intervention values are marked with an asterisk (∗α < .01).
can also be obtained by balance tasks. In contrast to head
relocation exercises, in which the primary goal is to move
the head in a speciﬁc and predeﬁned way, balance exercises
force the participants to focus on maintaining or regaining
equilibrium in space. Thus, it may be speculated that little
attention is consciously allocated to the cervical spine during
balancing.
Balance Training and Joint Position Sense
It is well known that inﬂuencing the somatosensory sys-
tem of the cervical spine inﬂuences balance performance. For
instance, it was demonstrated that balance performance can
be deteriorated by fatiguing or vibrating the neck muscles
(Gosselin, Rassoulian, & Brown, 2004; Kavounoudias,
Gilhodes, Roll, & Roll, 1999; Schieppati, Nardone, &
Schmid, 2003). Conversely, improved balance performance
was reported after neck coordination exercises (Roijezon
et al., 2008). Thus, there has been good evidence for a close
relationship between the somatosensory system of the cervi-
cal spine and postural control. However, so far, all previous
interventions were speciﬁcally targeting the neck muscles
and postural control was assessed as the outcomemeasure. In
contrast, the present data highlight for the ﬁrst time that train-
ing of balance skills may also beneﬁcially alter sensorimotor
function of neckmuscles indicated by improved cervical joint
position sense acuity. Independent of the measurement, thus,
independent whether repositioning errors were determined in
the NHP or the RHP task, participants of the balance training
group decreased their error rate whereas the control group
showed no adaptation.
In summary, the effects of balance training on cervi-
cal JPS seem to be comparable to those reported after
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FIGURE 5. Positive signiﬁcant correlation between reduction in neck pain and reduction in joint position sense error.
interventions incorporating relocation tasks of the cervical
spine and the head (Humphreys & Irgens, 2002; Jull et al.,
2007). In the study of Jull et al. (2007), participants had to
consciously control their neck muscle activity while produc-
ing predeﬁned force levels in a craniocervical ﬂexion task.
For this purpose, participants received feedback about their
neck muscle activity by their therapist (Jull, Falla, Treleaven,
Sterling, & O’Leary, 2004). Participants in the study of
Humphreys et al. (2002) performed conscious gaze stabi-
lization tasks while performing head rotations in the sagittal
plane. Thus, all previous studies had in common that par-
ticipants had to consciously relocate their head into speciﬁc
target positions. In contrast, it may be speculated that par-
ticipants directed very little if no attention to the speciﬁc
position of their head in space during balancing. Thus, bal-
ance exercises in the present study probably involved much
more involuntary activation of neck muscles as the primary
intention was to keep the body’s center of mass over the base
of support. It may therefore be speculated that not only the
intention during task execution was different in the present
study compared to previous interventions targeting the cer-
vical spine but also the neural control and thus, the muscular
activation. In contrast to cervical relocation tasks, balance
training involves whole body postural reactions, which are
not performed in a standardized way. Thus, muscle activation
during postural reactions is probably not only mainly uncon-
sciously performed but also in a highly variable way. Both
factors may contribute to differential neck muscle activities
during postural tasks compared to consciously performed ex-
ercises with the aim to relocate the head to predeﬁned targets.
However, it has to be mentioned that no study has compared
activities of neck muscles in relocation and balance tasks,
so far. Thus, further research is needed to evaluate the effec-
tiveness of balance exercises to distract attention from the
impaired body part (cervical spine). This might be beneﬁcial
for participants with high levels of fear of neck movements.
Comparison of Sensorimotor Function in NHP
and RHP Tasks
Previous studies have highlighted that targeted interven-
tions are able to improve the sensorimotor function of the
cervical spine when the NHP task was used as the outcome
measure. The present study did not only test repositioning
abilities in the NHP task, but also in the RHP task. Partic-
ipants of the balance training group improved both quali-
ties, with stronger effects in the RHP task compared to the
NHP task. Thus, it may be speculated that the two different
repositioning tasks may display different perceptive abilities
of the somatosensory system. In everyday live, the neutral
head position is considered to be the normal head position
and therefore, the NHP-task may display the congruence of
afferent input from the left and right side of the body in rela-
tion to a long time memory of the midpoint (neutral position)
of the head. Failure in reproducing the NHP by means of
a constant pattern of undershoot or overshoot may reﬂect
a disrupted cortical representation of NHP. In contrast, the
RHP-task may test the ability to memorize a speciﬁc head
position for only a short time as rotated head positions are
usually not maintained over a longer period of time. This
assumption seems reasonable due to ﬁndings in patients with
chronic low back pain. In those patients, altered cortical rep-
resentation of their lower back has been found, indicated by
a shift of this representation in the somatosensory homuncu-
lus (Flor, Braun, Elbert, & Birbaumer, 1997). Furthermore,
differences in the primary motor cortex have been observed
between healthy participants and lower back pain patients
with impaired sensorimotor control (for a review, see Wand
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et al., 2011). Patients with impaired sensorimotor function
and occurrence of pain displayed expanded and shifted areas
of motor cortical activity when activating the corresponding
muscle(s) (transversus abdominis; Tsao, Galea, & Hodges,
2010). Based on those lower back pain studies it may be
assumed that even patients with mild neck pain may display
changes within the cortical representation, which in turn may
inﬂuence especially their perception of the midpoint and,
thus, their performance in the NHP task.
Balance Training and Neck Pain
While it is established, that neck pain can impair bal-
ance performance in people with traumatic (Sjostrom et al.,
2003; Stapley et al., 2006; Treleaven et al., 2005) and idio-
pathic neck pain (Field et al., 2008), the inﬂuence of balance
interventions on neck pain intensity has not been demon-
strated before. So far, the effects of balance training have
been seen in a reduction in the recurrence of ankle sprains in
chronic ankle instability (Hale, Hertel, & Olmsted-Kramer,
2007; Sefton, Yarar, Hicks-Little, Berry, & Cordova, 2011),
a reduction in giving way episodes in ACL injured people
(Fitzgerald, Axe, & Snyder-Mackler, 2000), a reduction of
risk of falling in elderly people (Granacher et al., 2010), and
a reduced incidence of knee and ankle injuries (Zech et al.,
2010). Furthermore, balance trained participants displayed
an improved postural control, an enhanced rate of force de-
velopment and an improved jump performance (Gruber et al.,
2007; Taube, Gruber et al., 2007; Taube, Kullmann et al.,
2007). Thus, although balance training has previously been
shown to improve sensorimotor function of the lower extrem-
ity in a broad way (for review Taube, Gruber, & Gollhofer,
2008), the present study displays an absolutely new aspect of
this kind of training: It seems that balance training positively
inﬂuences sensorimotor function of the cervical spine and
neck pain intensity—at least in young participants with sub-
clinical neck pain. As we observed a weak but nevertheless
signiﬁcant correlation between decreases in neck pain and
improvements in sensorimotor function it may be speculated
that both phenomena share some common features.
Mechanisms That May Underlay the Interrelation of
Sensorimotor Function and Pain
The question remains, how sensorimotor function and
pain perception are potentially interrelated. When consid-
ering sensorimotor circuits, neural activity of supraspinal
centers after stimulation of foot proprioceptors (i.e., muscle
spindles) was demonstrated to correlate with balance per-
formance (Goble et al., 2011). In particular, greater balance
performance was associated with greater activity in parietal,
frontal, and insular cortical areas, as well as structures within
the basal ganglia. Similarly, training studies indicated that
cortical structures (e.g., motor cortex, supplementary mo-
tor area) adapt in response to balance exercises (Taube et al.,
2008; Taubert et al., 2010). Itmight therefore be proposed that
processing in those structures is important to ensure balance
control. Interestingly, some of these brain areas are also
known to be involved in chronic pain processing (Apkarian,
Baliki,&Geha, 2009; Treede,Apkarian, Bromm,Greenspan,
& Lenz, 2000). Thus, some supraspinal somatosensory rep-
resentations seem to be closely related to both sensorimotor
function and pain perception. As pain can inﬂuence both the
corresponding somatosensory cortical representation of the
painful body area (Flor et al., 1997) and the sensorimotor in-
formation processing (Flor, 2012), it may be speculated that
balance training affected supraspinal structures responsible
for both sensorimotor control and pain perception.
Limitations
Although the researcher executing the measurements was
blinded to participant group for outcome assessments and
statistical analyses, the present results should not be gener-
alized. As the present study was done with a relatively small
number of participants (n = 34) who displayed only sub-
clinical levels of neck pain, further studies have to indicate
whether patients with more serious impairments of the cervi-
cal spine can also beneﬁt from balance training interventions.
Furthermore, the present measurements only allow assump-
tions about the underlying neural mechanisms but cannot
provide insights about training-related plasticity.
Conclusion
In contrast to cervical repositioning exercises, which are
most often performed with a special helmet and a prede-
ﬁned goal, balance training is easy to apply and can be
performed everywhere without complex equipment. Further-
more, the accomplishment of postural tasks demands whole
body movements and distracts people with neck pain away
from their impairment. Thus, the intention of the sensorimo-
tor system is differently challenged during balance tasks than
in consciously performed cervical relocation tasks. There-
fore, it may be speculated that neck muscles are differently
recruited during whole body postural tasks and that the im-
proved cervical joint position sense and reduction in cervi-
cal pain intensity may therefore differ in the present study
from the mechanisms proposed in previous studies evalu-
ating the effect of conscious relocation tasks on the cer-
vical spine. Nevertheless, the muscular activation induced
by balance training seems to be efﬁcient to counteract im-
paired joint position sense and neck pain of the cervical
spine.
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